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1. Introduction and Background 

The speed-up model being developed for the estimation of topographic speed-ups of gust wind speeds on 

the US Virgin Islands is based upon the model for estimating speed-ups in Hawaii developed for the 

Hawaii Hurricane Relief Fund (HHRF) as described in (ARA, 2001). The model was developed using 

empirical equations whose parameters were determined through comparisons with speed-up data obtained 

from wind tunnel measured on topographic models of Oahu and Kauai. The wind tunnel tests and the 

speed-up data from the tests are described in Chock et al. (2000) and Chock and Cochran (2005). 

Figure 1and Figure 2 show the islands and the locations of the points at which speed-ups were measured 

in the wind tunnel. Wind speed-ups were measured for sixteen different wind directions. 

 

Figure 1. Map showing locations at which speed-ups were measured in the wind tunnel for the Island 

of Oahu. 

 

Figure 2.  Map showing locations at which speed-ups were measured in the wind tunnel for the Island 

of Kauai. 
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The speed-up model developed for the HHRF was modified to improve the r2 between the empirical 

model and the results of the wind tunnel tests. Through a trial and error process a significant improvement 

in the r2 value of the original HHRF model was achieved. 

Not all of the experimental data were used in the final comparisons as there were a number of cases where 

the experimental results were not deemed credible. Examples include locations ridges where the speed-

ups should be a maximum for winds approaching from multiple directions, but the wind tunnel data yield 

speed-up factors less than unity for all directions. 

The directionally directionally-dependent speed-up factor, Ὓ— is computed using 

Ὓ— ρ ὃВ В ύ ὶύ ‌ ὶȟ‌ ὃВ В ύ ὶύ ‌
Ў
ὶȟ‌          (1) 

where 

‌  is the direction measured with respect to the oncoming wind blowing from direction —, Ў‌ = 22.5 

degrees, N is the number of radial segments, here taken as 13, and ύ ‌  is a directionally dependent 

weighting function shown in Figure 5. The constant ὃ is equal to 2.0. The constant ὃ  is equal to 0.75 

when the numerator in the second term of Equation 1 is negative and 0 otherwise. ύ ὶ  is a weighting 

function that decreases with increasing distance from the point at which the speed-up is being computed, 

and is defined as 

ύ ὶ  

В

                 (2) 

The constants ὥ and ὥ are 0.8 and 1.5, respectively, and ᾀ is the elevation above sea level at the 

location of the point for which the speed-ups are being computed. The minimum value of ᾀ is set to 1.0 

m. The radius, ὶ, is equal to ὭЎὶ, where Ўὶ is 200m. The local slope, ὶȟ‌  is calculated in the 

direction of the radial using 

ὶȟ‌                  (3) 

The global slope, 
Ў
ὶȟ‌  is calculated in the direction of the radial using 

Ў
ὶȟ‌                   (4) 

As implemented in Equation 1, both the local and global the slopes are positive downwards. 

The form of the weighting function, ύ ‌ , is such that the speed-up increases with increasing slope in 

front of the point of interest. If the slope to the immediate left or right of the site (90 degrees or 270 

degrees) is positive (i.e., downhill) the speed-up is decreased as the wind is able to go around the location. 

Conversely, if the slope is negative (e.g., the walls of a valley) the wind speed is increased due to the 
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effects of channeling. The sign of the function for ‌=180 degrees (i.e., radial directly upwind) is positive, 

decreasing the speed-up as the slope is negative (uphill), but has a lesser magnitude than for the direction 

where winds are approaching the point. For very steep negative slopes the speed-up becomes less than 1, 

since the flow separates and locations on the hill are in a wake region of recirculation. The same applies 

on the leeward side of steep hills For points located at or near a ridge, or hill top, the positive slope behind 

the point increases the speed-up such that, all else being equal, a ridge produces a maximum speed-up. 

 

Figure 3.  Definition of angles for wind speed-up calculations. 

 

Figure 4.  Definition of slopes. 
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Figure 5.  Directional weighting function ◌♪♪▒. 

Using equations (1) through (3), wind speed-ups were produced for sixteen directions at increments of 

22.5 degrees. Figure 6 presents a comparison of speed-ups produced by the Chock and Cochran (2005) 

model and the model presented herein for a single point on Oahu. The model presented herein performs 

better than the Chock and Cochran (2005) model for winds approaching from about 200 degrees to about 

290 degrees. Both models understate the reduction in wind speed for easterly through southerly directions 

and both models underestimate the peak speed-ups. As pointed out by Chock and Cochran (2005) their 

predictive model is less sensitive to severe changes in wind speed over a single 22.5° directional interval. 

The same is true for the model developed here. 

 
 

Figure 6.  Comparisons of modeled and measured speed-ups on a mid-ridge location on Oahu from 

Chock and Cochran (left) and the current model (right) 

Figure 7 presents the results of regression plots comparing the speed-up factors generated by the model 

and those obtained from the wind tunnel tests. The regression plots are given for two cases, one where the 

model results are presented without modification and the other where the model results are capped at a 
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maximum of 2.0 and a minimum of 0.4. The model with the limits produces a slightly higher r2 than the 

unlimited model. The regression plots include data for all wind directions, not just the maximum speed-

up. 

Figure 8 and Figure 9 show the data presented in Figure 7 in the form of 2-D and 3-D histograms. The 

histograms show most of the model-experimental data pairs fall very near the diagonal. 

  
Figure 7.  Comparison of model generated and measured topographic speed-ups. Left plot shows 

model results without caps, right plot shows results with caps 

 

Figure 8.  2-D histogram showing the relative frequency of modeled-measured pairs of speed-up data 

presented in bins of 0.1. Note the darkest colors (highest frequency) appear near the diagonal.  
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Figure 9.  3-D histograms showing the relative frequency of modeled-measured pairs of speed-up data 

presented in bins of 0.1. Note the darkest colors (highest frequency) appear near the diagonal. 

Chock and Cochran (2005) and Chock et al. (2005) also developed a model for topographic speed-ups 

using the wind tunnel speed-up data. The results from their model are incorporated into the design wind 

speed maps for the Hawaiian Islands as given in ASCE 7-16. Figure 10 presents a comparison of modeled 

and observed speed-ups from Chock et al. (2005) and/or Chock and Cochran (2006).  

The comparison is presented incorrectly with the experimental (measured) results on the vertical axis; 

consequently the true r2 of the model is unknown. If a regression line is forced through the origin, the r2 

will not be the same if the axes are switched. The r2 will only be the same if the regression line is not 

constrained. Furthermore, as stated in Chock et al. (2005), experimental values from ridges were removed 

when their model was developed. 

 

Figure 10.  Comparison of model generated and measured topographic speed-ups. (Chock et al., 2005). 
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Chock and Cochran (2006) suggest that using the ASCE 7 provisions for simple hills, ridges and 

escarpments would obtain a maximum r2 in the range of 0.20 to 0.30 when applied to the complex 

topography of Hawaii. The same would likely apply to the complex topography of the USVI. 

Figure 11 presents the maximum wind speed-ups over all directions for the Island of Oahu presented in 

Chock et al. (2005). On the far western peninsula the contours of speed-up run perpendicular to the ridge 

rather than parallel to the ridge. Similarly, the contours of the speed-ups do not reflect the maxima that 

would be expected along the ridge running approximately north-south on the east side of the Island. 

The maximum values of the speed-ups produced by the model developed herein are presented in Figure 

12. The highest values of the speed-up factors follow ridges lines, a result that is qualitatively consistent 

with the speed-up models for isolated, simple hills, 2-D ridges, etc. in ASCE 7, which yield maximum 

speed-ups for ridges. 

 

Figure 11.  Map of maximum (from all directions) speed-up factors from Chock et al. (2005). 
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Figure 12.  Map of maximum speed-up factors produced by current model. 

 

Figure 13.  Speed-up factors for winds approaching from the north (from top of page) 


